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Composite materials are composed of two or more different materials having considerably different physical and/or

chemical characteristics that, when merged, produce a material with attributes that differ from the separate elements.

Composite materials are extensively utilized in the automobile, construction, transportation, aerospace, and renewable

energy applications due to their durability, high strength, great quality, minimal maintenance, and low weight.
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1. Aerospace

Over the next ten years, the International Air Transport Association (IATA) estimates that 11,000 aircraft will be retired .

The COVID-19 pandemic has severely curtailed aviation travel, and this is likely to hasten the decommissioning of these

planes, emphasizing the importance of recycling. Moreover, composite utilization in airplanes has increased dramatically,

as is clear in the commercial aircraft produced by Airbus and Boeing. Take, for example, the usage of composites in the

Airbus commercial aircraft A300 (4.5 wt%, 1971–2007) and B787 (50 wt%, 2007–present) . By weight, the B787 body is

50% composites, 10% steel, 15% titanium, 20% aluminum (Al), and 5% other. Meanwhile, the composite material in B787

consists mainly of carbon sandwich structures, CFRP laminates, and fiberglass . In the aircraft sector, Al has long been

one of the most utilized materials. However, its utilization rate has dropped from 50% in the Boeing B777 to barely 20% in

the Boeing B787 . Comparisons of tensile modulus and strength characteristics of E-glass fibers (72 GPa, 3.5 GPa)

against Al (68.9 GPa, 0.31 GPa) offer another explanation for the tendency toward composites .

2. Automotive

Because their light weight allows for the maximum possible performance, composites have been utilized in sports

vehicles. Electric propulsion and self-guiding technologies have been made possible by recent advancements in mobility.

These vehicles require lightweight materials to achieve higher ranges between recharging (i.e., electric automobiles),

which has driven the need for high-volume composite manufacturing and EoL disposal. Another driving force behind the

push for recycling is the fact that the automobile and aerospace industries, which produce large quantities of carbon fiber

parts, also waste large percentages of the raw materials used (sometimes as much as 20–40%). One of the goals of the

automobile industry is to have vehicles that are both fuel-efficient and lightweight. The use of CFRC in automotive

components decreases the weight of a typical vehicle by 30% . The importance of environmental stewardship cannot be

overstated. EU law in the automobile sector mandates that 85% of a car can be recycled. CF scrap may be collected and

transformed into new components with less than 10% of the energies used to manufacture virgin carbon fiber (CF),

meeting legal and environmental goals . CFRC help to reduce greenhouse gas emissions by reducing fuel usage, since

they are utilized to make lighter automobile and airplane bodies . Cost reduction is a significant motivator in the

composites field .

3. Marine

Composites have proven to be a game-changer in the offshore business. At present, glass fiber (GF) and carbon fiber

(CF) composite materials play a huge role in marine energy development, shipbuilding, and marine engineering repair.

Composite materials have slowly and steadily replaced upper metal (above water level) in more and more marine

installations, whether new installations or in renovations of existing structures. Carbon fiber has several advantages in

marine engineering construction , including lighter weight, high strength, and wear resistance. Most

installations use structural parts to replace traditional building materials, reducing the high freight weight, seawater

corrosion, and the problems arising from rebar materials . The following are the primary advantages of GRP for

maritime applications: environmental resistance, durability, cost-effectiveness, the ability to mold complex, seamless
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objects, the ability to adjust strength to load circumstances, excellent strength-to-weight ratio, light weight (about half that

of similar steel constructions), low maintenance/repairability, and excellent long-term durability .

4. Wind Energy

Composites are used in wind turbines because of their high specific strength. According to the GWEC, the total number of

utility-scale wind turbines installed throughout the world has surpassed 330,000, most of which are projected to last 20–25

years. The first significant group of wind turbines made of composite materials will approach their EOL in the 2020s .

As a result of the approaching challenge of recycling wind turbine blades, roughly two gigawatts are expected to be

replaced in 2019 and 2020 . Denmark, for example, was a significant participant in the initial implementation of wind

turbines, and has now become one of the first countries to tackle the mass disposal problem . Some EU nations have

prohibited the disposal of composite blades in landfills for environmental reasons , necessitating the development of

novel EOL solutions for composites in this industry. The used scrap blade materials are anticipated to double in the next

decade, from 1,000,000 t in 2020 to 2,000,000 t in 2030 . An estimated 25% of all EOL trash will be generated in the

EU, according to estimates .

The majority of turbine rotors feature three blades, with sizes ranging from 12 m to 80 m or more. Several of these blades

are expected to be phased out shortly . Siemens Gamesa Renewable Energy (SGRE) has a capacity of 14 MW wind

turbines with Integral Blades that are 108 m long. The radius of the rotor is 111 m. As we enter the 2020s, recycling will

become increasingly important. Nowadays, about 90% of the entire mass of wind turbines is recyclable, and the wind

energy sector uses about 2.5 million tons of composite material worldwide . Furthermore, by 2023, about 14,000

blades (weighing 40,000–60,000 tons) will be decommissioned. The wind industry prioritizes the recycling of these

obsolete blades . For disassembly, collecting, transportation, waste disposal, and restructuring of composite materials

into production chains, this challenge requires both logistical and technical solutions .

5. Construction and Infrastructure

Perhaps the most intriguing application of sophisticated composite materials so far is a functional bridge on the state

highway system. Hollow carbon composite tubes and lightweight concrete were employed in its construction. ACMs are

excellent for seismic retrofitting because of their flexibility and ease of application. They are now a valuable resource for

retrofitting and improving processes in forensic engineering. Glass and carbon fibers are most commonly used in epoxy

resin matrixes .

Additionally, after wind turbines, WPCBs are one of the fastest-growing worldwide waste sources, accounting for a major

portion of overall electronic waste and containing 27.4–45.55 wt% GF. Owing to the existence of hazardous metals and

organic substances, as well as GFs, the recovery of WPCBs to retrieve GFs is a difficult procedure .

Composite material recycling will become more important in the 2020s and beyond as efforts are made to cut down on

pollution and fulfill demand. Figure 2 shows the global composite materials’ market size distribution by application in

2020.

Figure 2. Global composite materials’ market size distribution, by application, in 2020 .
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Among composite materials, fiber-reinforced composites (FRC) are the most widely utilized . The

remarkable material characteristics of CFRC and GFRC make them particularly useful in this regard . FRC

materials are attractive as a replacement for steel and other materials due to their low weight, high strength, durability,

and form flexibility. CF and GF, with polyester matrix resin as components, were used to create modern FRC materials in

the early 1950s. They’re commonly utilized in the construction of boats, automobiles, and storage tanks . The

international market for composite materials is growing and is estimated to exceed $96 billion in 2020, up 40% from 2014.

Carbon and glass fibers are the most common materials; CFRC and GFRC products account for $57 billion and $30

billion, respectively, of the $96 billion .

The FRC industry’s expansion has boosted both productivity and consumption. However, it has also resulted in a large

number of EOL materials. The struggle to preserve and recycle EOL scrap FRC has become a major barrier to the

sustainability of a circular economy. In the past, the industry rushed to use these materials without understanding how to

properly dispose of them. For decades, the two most common disposal techniques used by the composite industry were

landfill and incineration. The drawbacks of these techniques have led to increased environmental awareness, resulting in

the search for sustainable disposal methods and strategies to avoid trash accumulation .

Over the past few years, several studies have analyzed market demand for various composites, as well as the associated

quantity of accumulating waste, in order to minimize the unavoidable negative effects. The market for fiber-reinforced

polymer composites (FRPC) in the United States was about $12 billion in 2020, with a yearly growth rate of 6.6% .

To meet such a high need for virgin carbon fiber (vCF) and virgin glass fiber (vGF), the accumulating CFRC and GFRC

waste must be recycled effectively, to minimize environmental consequences while also meeting the demand .

However, converting CFRP and GFRP into useful resources is a difficult problem that threatens the future of the fiber-

based industry .

As a result, the treatment and recycling of FRC materials such as CFRC/GFRC within environmental constraints,

government regulations, manufacturing costs, resource management, and economic opportunity are all critical worldwide

problems. The present research demonstrated the influence of the pyrolysis technique as a rising and feasible technology

for FRC recycling. This research will help to systematize technological knowledge of CFRC/GFRC recycling processes

such as pyrolysis.
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